A phytochemical investigation of the acetone extract from the immature fruits of Garcinia cowa led to the isolation of two novel tetraoxygenated xanthones, garcicowanones A (1) and B (2), together with eight known tetraoxygeanted xanthones. Their structures were determined by spectroscopic analysis. All isolated compounds were evaluated for their antibacterial activity against Bacillus cereus TISTR 688, Bacillus subtilis TISTR 008, Micrococcus luteus TISTR 884, Staphylococcus aureus TISTR 1466, Escherichia coli TISTR 780, Pseudomonas aeruginosa TISTR 781, Salmonella typhimurium TISTR 292 and Staphylococcus epidermidis ATCC 12228. α-Mangostin showed potent activity (MIC 0.25-1 μg/mL) against three Grampositive strains and garcicowanone A and β-mangostin exhibited strong antibacterial activity against B. cereus with the same MIC values of 0.25 μg/mL. 
Introduction
Garcinia cowa, belonging to the Clusiaceae family, has been an abundant source of secondary metabolites, especially xanthones [1] [2] [3] [4] [5] , phloroglucinols [5] [6] [7] [8] [9] , flavonoids [2, [10] [11] , and terpenoids [11] [12] . This plant is widely distributed throughout Malaysia, Thailand and Burma. Xanthones are well recognized as chemotaxonomic markers for plants of the Garcinia species [1] [2] [3] [4] [5] [13] [14] [15] [16] [17] . Prior to this study, seventy-eight unique compounds have been isolated and identified from G. cowa, forty six of there are xanthones [17] , many of which have interesting pharmacological activities, including antimicrobial [1, 5] , anti-inflammatory [10] , antimalarial [18] , antioxidant [1, 3, 10] , and cytotoxic activities [4, 19] . G. cowa has been used in Thai folk medicine for its antipyretic properties of the latex and fruit [20] , for its improvement in blood circulation, and as an expectorant in the treatment of coughs and indigestion from the fruit and leaves, while the bark, latex and root have been used to treat fever [21] . G. cowa is an edible plant and is used in Thai curries. Our previous phytochemical study of its inflorescences led to the isolation of one new benzophenone derivative, cowanone, and seven known xanthones [5] . From our ongoing search for bioactive compounds from Thai medicinal plants, we report here the isolation and structural elucidation of two new xanthones, garcicowanones A (1) and B (2), together with eight known xanthones (3) (4) (5) (6) (7) (8) (9) (10) from the immature fruits of G. cowa. The antibacterial activity of the all isolated compounds is also reported. Compound 8 was significantly active against three Grampositive bacteria strains with MIC values 0.25-1 g/mL and compounds 1 and 4 also had strong antibacterial activities against B. cereus with the same MIC value of 0.25 g/mL.
Interestingly, an earlier study on the ripe fruit of G. cowa resulted in the isolation of benzoylphloroglucinols [8] . 
Experimental

General experimental procedures
Melting points were measured with a SANYO Gallenkamp melting point apparatus.
Optical rotations were measured in MeOH at the sodium D-line on a Bellingham & Stanley ADP220 polarimeter. UV-vis absorption spectra were determined in MeOH with a PerkinElmer UV-vis spectrophotometer. The infrared (IR) spectra were recorded neat using a Perkin-Elmer FTS FT-IR spectrophotometer. The NMR spectra were recorded using 400
MHz Bruker FTNMR Ultra Shield spectrometer. Chemical shifts are expressed in δ (ppm) with referencing to the tetramethylsilane (TMS) peak. The MicroTOF data was obtained from a Bruker Daltonics mass spectrometer. Thin-layer chromatography (TLC) was performed on silica gel 60 GF 254 (Merck). Column chromatography (CC) was carried out on Sephadex LH-20 and silica gel (Merck) type 100 (63-200 m) and type 60 (5-40 m) for Quick column chromatography (QCC). All solvents for extraction and chromatography were routinely distilled prior to use. 6 
Plant Material
The immature fruits of G. cowa were collected in Nong khai Province of Thailand in August 2011. The plant was identified by Mr. James Maxwell, Herbarium of Chiang Mai
University and the specimen (MFU-NPR0014) was deposited at the Natural Products
Research Laboratory, School of Science, Mae Fah Luang University, Chiang Rai, Thailand.
Extraction and isolation
The dried immature fruits of G. cowa [22] . The test substances were dissolved in DMSO. The standard drugs, vancomycin and gentamycin, were used as reference substances.
Results and Discussion
The dried immature fruits of G. cowa were extracted with acetone and the crude plant extract was separated by column chromatography which led to the isolation of two new group, resonating at δ 3.87, was attached to C-3 according to its HMBC correlation ( Table 1 ).
The highly deshielded position of the methylene proton resonance of the prenyl unit (δ 4.09, H-11) suggested that it was located at C-8 (δ 137.3), in a peri position to the carbonyl group. having MICs in the range of 1-8 g/mL while 7, had MICs in the range 4-32 g/mL. These three compounds were also active against S. epidermidis (MICs 2-4 g/mL). The tetracyclic C-8 prenylated compound 3 showed slightly better antibacterial activities than compound 7 while its C-8 geranyl analogue 5 was weakly active or inactive on all bacterial strains (MICs ≥ 64 g/mL). The pentacyclic and tetracyclic compounds 2 and 6 were also weakly active or inactive on all bacterial strains (MICs ≥ 64 g/mL). Clearly the compounds 1, 4, 7−10, having a common tricyclic xanthone scaffold, showed the best antibacterial activities. Compound 8, having a C-2 prenyl substituent and a C-3 hydroxy group, was the most active. Of the group of compounds 7, 9 and 10, compound 10, also with a C-3 hydroxy group, was the most active. The tetracyclic compound 3 shows good activity, however it C-8 geranyl analogue is not active, most likely due to the longer side chain at C-8. Compounds 2 and 6 having a similar pyran-fused structure at C-7 and C-8 are both inactive, perhaps for unfavorable steric reasons.
Thus we have identified the structures of two new xanthones and identified eight compounds from the unripe fruits of G. cowa. These compounds have potent to good antibacterial activities against the Gram-positive strains, B. cereus, B. subtilis and M. luteus and the Gram-negative strain S.
epidermidis. Further, these compounds are different to those isolated in an earlier study from the ripe fruits of G. cowa which were benzoylphloroglucinols [8] .
